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' Abstract 

The thermal-vacuum t e s t i n g  o f  samples  of 1 meter concave  replica 

d i f f r a c t i o n  g r a t i n g s  has been  started. The f i r s t  t e s t ,  s u b j e c t i o n  of 

the g r a t i n g s  t o  p r e s s u r e s  i n  t h e  lo-' t o r r  r a n g e  and a t  ambient  temper- 

a t u r e ,  has been  completed.  The g r a t i n g 8  showed no s i g n i f i c a n t  change 

I n  l i n e  p r o f i l e .  Two p l a n e  g r a t i n g a  were s u b j e c t e d  t o  p r e s s u r e s  i n  

the t o r r  range a t  ambient  t e m p e r a t u r e  and showed no aignfff- 

c a n t  change i n  t h e i r  i n t e r f e r o g r a m s .  

I r r a d i a t i o n  o f  a s e r i ee  o f  p l a n e  r e p l i c a  d i f f r a c t i o n  grat ings 

50 mm diam. by 10 mm t h i c k  and a l u m i n i z e d  s u b s t r a t e s  of i d e n t i c a l  

m a t e r i e l  ( P y r e x )  end d imens ions  showed d f e t o r t i o n s  of the f n t e r f e r o -  

grams s t a r t i n g  a t  abou t  10l2 e lec t rons / cm2 .  The d i s t o r t i o n  appea red  

t o  be the same i n  b o t h  r e p l i c a  g r a t i n g s  and a l u m i n i z e d  s u b s t r a t e  

m a t e r i a l  l e a d i n g  t o  the t e n t a t i v e  c o n c l u e i o n  t h a t  a t  t h i e  ene rgy  

l e v e l  i t  is p r o b a b l e  the s u b s t r a t e  m a t e r i a l  r a t h e r  t h a n  the rep l ica-  

t i o n  process t ha t  would be the  s o u r c e  o f  t r o u b l e .  

a 
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1. Purpose  o f  E f f o r t  

a Phase  I o f  this s t u d y  established t he  b r o a d  b a s i c  d i r e c t i o n  

the p r o J e c t  was t o  t a k e .  I n  S h a m  11 the  d i r e c t i o n s  i n d i c a t e d  i n  

Phase  I were pursued.  S p e c i f i c a l l y  t he  purpoee  o f  Phase  I1 are: 

1.1 E x t e n s i o n  of t he  thermal-vacuum t e s t s  t o  i n c l u d e  concave 

r e p l i c s  g r a t i n g s  i n  the HCO t a n k  (lo-' - 10'10 t o r r  r a n g e )  

and p l a n e  r ep l i ca  g r a t i n g s  i n  (9 t a n k  a t  NASA GSFC - 
10-13 r a n g e ) .  

1.2 E x t e n s i o n  of  the  1 .2  Mev e l e c t r o n  r e d f a t i o n  s tudy  t o  i n c l u d e :  

1,2.1 L i t e r a t u r e  eearch  of' veirfBtfon o f  dose  with o p b i t s  

i n  which g r a t i n g  expe r imen t s  rnlght be i n v o l v e d .  

1 . 2 . 2  De te rmina t ion  with p l e n e  g r a t i n g s  o f  p o i n t  a t  which 

d i s t o r t i o n  beg ins  t o  appea r .  

1.3 E x t e n s i o n  of i n t e r f e r o m e t r i c  s t u d i e s  f rom p l a n e  g r a t i h g s  

on ly  t o  concave g ra t ing f r .  

2. Natyre of  E f f o r t  

2.1 Thermal-Vacuum Tests 

2.1.1 10-9 t o r r  r ange  

A t  t h i a  t l n e  EI Rnusch a n d  lamb, 8 D i f f r a c t i o n  P r o d u c t s ,  

and a J a r r e l l - A s h  concave r e p l i c a  g r a t i n g  have been 

s u b j e c t e d  t o  t h e  f i r s t  i n  a s e r i e s  o f  thermal-vacuum 

tes ts  i n  the  10'' t o r r  range.  

ambient  t empera tu re  and the  p r e s s u r e  ma in ta ined  a t  

l e s s  t h a n  2 x lo-' tor). f o r  4 days .  I n s p e c t i o n  o f  

the  l i n e  p m f i l e e  o f  vlsrlousj l i n e s  in the He and Hg 

spectra  from 584A t o  5461A shows no s i g n i f i c a n t  

v n r i a t i o n  p r e  and poEtt a t r e s e .  The g r e t i n g a  have 

now been r e t u r n e d  t o  the  Harvard C o l l e g e  Obse rva to ry  

( H C O ) ,  Solar S a t e l l i t e  P r o j e c t ,  f o r  stress i n  t h i s  

same p r e s s u r e  range but  a t  r educed  t empera tu re .  

This f i rs t  t e s t  was e t  



g r a t i n g s  w l  th yyrex  sLLt.jstreteitl were exposed t o  

p r e s s u r e s  i n  the loeL3 t o r r  range  and a t  tempera- 

t u r e e  and d u r a t i o n s  a s  shown i n  Table I. The work 

was done f o r  ut3 a t  GSFC under  the s u p e r v i s i o n  of  

Bdr. C h a r l e s  E. Mchdrew. 

TABLE I 

U1 t ra - Lo w Ss r.7 c 6 8 ur-e The rmn 1 - Va c: in1 m S t re  B B 
0 f 

P l a n e  Replica G r a t i n g s  

G r a t i n g  #2 5 0  

G r a t i n g  #3 50 
( C o n t r o l )  

1.1 2 ( . 2 )  11.8 2 ( . 5 )  

1.1 t (.2> 23.8 f ( . 3 )  

G r s t i n g  #3 W ~ G  u c o n t r o l  w i t A  a thermocouple  n o t  

o n l y  on t h r e e  s i d e s  b u t  a l s o  I n  t h e  middle of  the 

r u l e d  surf ace.  

I n t e r f e r o m e t r f  c examinat ion  i n  a Twyrnan-Green t y p e  

fnstrwment  showed no s i g n i f i c a n t  d i s t o r t i o n  produced 

b y  t h f s  stress. 

2.2 P a r t i c l e  Irradiation S t u d i e s  

2 .2 .1  L i t e r a t u r e  Sea rch  o f  V a r i a t i o n  o f  Dose with 
-----_C*-_Im- _---. --__I_ 

O r b i t s  i n  whlch G p a t i n x  E x p e r i m e n t s  M Q h t  be 

Involved. 

---- ..--..-----I-- -.- ~ --- ----I -- 

_.-- 
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A s tudy  wa8 made a t  GSFC, f o l l o w i n g  a s u g g e a t i o n  

by D r .  F.W. Paul end under the subsequen t  supe r -  

v i s i o n  o f  M r .  Cha r l ee  E. McAndrew and D r .  E.G. 

S t a s s i n o p o u l o a ,  as  t o  whe the r  the c u r r e n t  one y e a r  

e q u i v a l e n t  dose  o f  1.2 Mev e l e c t r o n s  i n  t h e  Van 

A l l e n b e l t  wlzpl t y p i c a l  o f  e x p 0 8 u ~ " e s  a c t u a l l y  ex- 

p e r i e n c e d  by unsh fe lded  gratings. This s t u d y ,  

r e p o r t e d  p r e v i s u a l y ,  showed y e a r  doses  f o r  1.2 Mev 

e l e c t p o n s  Y ~ S  I C ~ W  1. x 106 e lec t rons / cm2/yea r  f o r  

a 00 i n c l i n e t i o r i ,  300 n mi m d i u a  UP t o  4 x 10 

e lec t rons / cm2/yea r  fa r .  & 90' i n c l i n a t i o n  450 n m i  

r a d i u s .  These doees a r e  those p r o j e c t e d  f o r  1968. 

11 

A c t u a l  data l e  s p a ~ s e  b u t  what i s  a v a i l a b l e  

has shown a range f r o m  4 x lo9 e l e c t r o n s / c m 2 / y e a r  

t o  5 x 10l2 e lec t rons / cm2/yea r .  

between t h e  d a t a  p r o j e c t e d  f o r  1968 and the a c t u a l  

data is due i n  pert t o  the v a r i a b i l i t y  of the  rad i -  

a t i o n  i n  space .  

The d i f f e r e n c e  

A f u r t h e r  computer s t u d y  was made by D r .  

S t a s s i n o p o u l o s  and was r e p o r t e d  i n  a memorandum t o  

M r .  McAndrew d a t e d  A p r i l  12 ,  196'7. S u b j e c t  t o  t h e  

q u a l i f i c a t i o n s  appended t o  the  memorandum i t  would 

appear tha t  the o r b i t  i n t e g r a t e d  o m n i - d i r e c t i o n a l  

v e h i c l e  encoun te red  1-2 Mev e l e c t r o n  f l u x  a8 o f  

May 15, 1966 was about  7 x 1011 e lec t rons / cm2/yea r .  

This  i s  s e n s i b l y  in agreement  wi th  t h e  l i t e r a t u r e  

s e a r c h  e a r l i e r  r e f e r e n c e d .  



a t i o n  a f  the  AFCHL Radiation P h y s i c s  Branch t o  deter- 

m e a s w e d  o n  a Twyman-Green i11etmnient 8 s  8 f u n c t i o n  

i ~ o m  thi s expesfment . 
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2 . 2 , 2 . 3  The f r o n t  s u r f a c e ,  1 .e .  the s u r f a c e  f a c i n g  the 

oncoming r a d i a t i o n ,  went convex. 

2 , 2 . 2 , 4  The r e a r  s u r f a c e  went concave t h e  same amount 

as t h e  f r o n t  s u r f a c e  went convex - a t  l e a s t  t o  

w i t h i n  a f r a c t i o n  o f  a f r i n g e .  

2 .2 .2 .5  O f  g r e a t  impor t ance  was t he  obse rved  f a c t  t h a t ,  

a t  l eas t  f o r  these p a r t i c u l a r  g r a t i n g s ,  the 

v a r i a t i o n  i n  d i s t o r t i o n  i n  the  g r a t i n g  was the 

same a s  t h a t  o f  the a l u m i n i z e d  s u b s t r a t e  a l o n e .  

2 . 2 . 3  E x t e n s i o n  o f  I n t e r f e r o m e t r i c  S t u d i e s  from P l a n e  

I G r a t i n g s  Only t o  Concave G r a t i n g s .  

Numerous workers  have  i n d i c a t e d  t he  d e s i r a b i l i t y  

of h a v i n g  a n  i n t e r f e r o m e t r i c  a8 w e l l  as a s p e c t r o -  

g r a p h i c  a n a l y s i s  o f  g r a t i n g s .  A f a i r l y  s t r a igh t -  

forward  method was d e v e l o p e d  by G.W. S t r o k e  ( J . O . S . A .  

- 45, 30 (1955)) f o r  p l a n e  g r a t i n g s  and has been used 

e x t e n s i v e l y  s i n c e  that  t ime, A comparable  a p p r o a c h  

h a s  been used  f o r  concave u s i n g  a Twyman-Green i n t e r -  

f e r o m e t e r  b u t  i n t e r p r e t a t i o n  o f  t h e  s i g n i f i c a n c e  o f  

the f r i n g e s  i n  the  p r e s e n c e  of the a b e r r a t i o n s  o f  the  

s u r f a c e  was d i f f i c u l t .  We have been  s t u d y i n g  t h i s  

problem f o r  sometime and have looked  a t  b o t h  t he  Ronchi 

and Zone P l a t e  I n t e r f e r o m e t e r  approaches .  Most re-  

c e n t l y  we have  been s t u d y i n g  a method proposed  by 

K.G.  B i r c h  ( J . S c i .  I n s t r .  43, 243 (1966))  f o r  the 

i n t e r f e r o m e t r i c  examina t ion  of  the r u l i n g  e r r o r s  of  a 

concave g r a t i n g .  This  method u s e s  a s i n g l e  p a r a l l e l  

p l a t e  t o  e f f e c t  a s h e a r i n g  o f  the beam from the g r a t i n g  
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with i t s e l f .  The method as  app l i ed  t o  concave m i r r o r s  

was d i s c u s s e d  p r e v i o u s l y  by M. V. R. K. Murty (Applied 

Optics 3- No. 4, 531 (1964)) and i n  b o t h  i n s t a n c e s  a 

He-Ne gas l a s e r  i s  used.  

Tests t o  d a t e  have  i n d i c a t e d  d e f i n i t e  prpmiee of 

t h i s  method. The f i rs t  work was done wOth a r e l a t i v e l y  

c r u d e  s e t - u p  and the i n i t i a l  s u c c e s 8  h a s  l e d  u s  t o  

r e f i n e  t h e  method. I n t e r f e r o g r e m s  were o b t a i n e d  with 

the  e a r l y  s e t - u p  and a r e  e x p e c t e d  from t h e  new and i m -  

proved method s h o r t l y .  

3. I C o n c l u s i o n s  

3.1 Thermal-Vacuum S t  r e a s  - 
On t h e  b a s i s  of a s  y e t  i n c o m p l e t e  thermal-vacuum t e s t s  

i t  would a p p e a r  t h a t  the  l i n e  p r o f i l e s  f rom the three 

commercial  1 meter concave g r a t i n g s  t e s t e d  have n o t  shown 

any d e g r a d a t i o n  when s u b j e c t e d  t o  a vacuum o f  10’’ t o r r  fclr 

s e v e r a l  days  a t  ambient  t e m p e r a t u r e .  One se t  of  p l a n e  

g r a t i n g s  a l s o  showed no i n t e r f e r o m e t r i c  d i s t o r t i o n  when 

s u b j e c t e d  t o  a p r e s s u r e  of  10- l3 t o r r  for s e v e r a l  d a y s  a t  

ambient  t empera tu re .  

1.0 Mev E l e c t r o n  I r r a d i a t i o n  Stress  3 .2  

I r r a d i a t i o n  o f  a s e t  o f  r e p l i c a  d i f f r a c t i o n  g r a t i n g s  

and a l u m i n i z e d  s u b s t r a t e  m a t e r i a l  o f  t h e  same m a t e r i a l ,  

Py rex ,  showed d i s t o r t i o n s  s t a r t i n g  a t  s l i g h t l y  i n  e x c e s s  of 

10l2 e lec t rons / cm2 .  

beam and was t h e  8ame f o r  b o t h  r e p l i c a  g r a t i n g s  and a lumin ized  

s u b s t r a t e a .  The r e a r  s u r f a c e  went concave the seme amount 

8 s  the f r o n t  s u r f a c e  went convex. 

The d i s t o r t i o n  was convex towards  the 
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3 . 3  I n t e r f e r o m e t r i c  A n a l y s i s  of  Concave G r a t i n g s  

The s h e a r i n g  method o f  B i r c h  a p p e a r s  t o  have a i g n i -  

f l c a n t  promise.  

4. P l a n s  f o r  Forthcoming Six-Month P e r i o d  -- - 
4.1 Thermal-Vacuum T e s t s  

The t h r e e  concave r e p l i c a  g r a t i n g s  w i l l  be t e s t e d  i n  

the HCO t ank  a t  reduced and t hen  e l e v a t e d  t e m p e r a t u r e s .  

C u r r e n t l y  w e  a r e  hoping t h a t  t h e  ve ry  high vRcuum t e s t s  

be ing  conducted a t  NASA-GSFC w i l l  be c o n t i n u e d  s o  we can 

also complete  t h i s  s e r i e s .  The i n - s i t u  t e s t a  a r e  still i n  

t h e  p r e l i m i n a r y  s t a g e  and t h i s  work w i l l  be c o n t i n u e d .  If 

f u n d s  a l l o w ,  we p l a n  t o  p u r c h a s e  a t h e r m a l  sys t em tha t ;  w i l l  

a l l o w  us  t o  c o n t r o l  t h e  t e m p e r a t u r e  o f  the g r a t i n g s  while 

they a r e  under  t e s t .  

4.2 P a r t i c l e  R a d i a t i o n  

4.2.1 1 .2  Mev E l e c t r o n s  

Af te r  t h e  thermal-vacuum t e s t s  a r e  completed 

i n  t h e  HCO chamber, the t h r e e  commercial  t y p e  concave 

g r a t i n g s  w i l l  be  s u b j e c t e d  t o  i n c r e a s i n g  d Q s e 8  o f  

r a d i a t i o n  s t a r t i n g  a t  10l1 e l e c t r o n s / c m 2  and c o n t i n u -  

i n g  u n t i l  a s i g n i f i c a n t  d e g r a d a t i o n  i n  per formance  

o c c u r s .  F i g u r e  I o f  t h i s  r e p o r t  i n d i c a t e d  that  d i s -  

t o r t i o n  s t a r t e d  t o  o c c u r  in t h e  i n t e r f e r o g r a m s  o f  

some p l a n e  g r a t i n g s  a t  1OI2 b u t  we w i l l  s t a r t  a 

decade  l o w e r  t o  i n s u r e  t h a t  w e  e r e  a t  the z e r o  d t s -  

t o r t i o n  p o i n t .  These concave g r a t i n g s  w i l l  be examined 

i n  o u r  monochromator p r i m a r i l y  f o r  v a r i a t i o n  i n  l i n e  

shape. I t  i s  hoped t h a t  b y  t h e  time we are  ready  t o  
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i r r a d i a t e ,  w e  will a l s o  be a b l e  t o  examine the 

g r a t i n g s  i n t e r f e r o m e t r i c a l l y  u s i n g  B)rchI s method 

o r  a m o d i f i c a t i o n  t h e r e o f .  

4 . 2 . 2  P o s i t i v e  P a r t i c l e s  

C u r r e n t l y  u n d e r  i n s t a l l a t i o n  a t  Holy C r o s s  

i s  a 2 Mev Van de Graaff Genera to r .  I t  i s  a n t i -  

c i p a t e d  that  some p o s i t i v e  p a r t i c l e  i r r a d i a t i o n  

w i l l  s t a r t  - probab ly  i n i t i a l l y  on p l a n e  g r a t i n g 8  - 
d u r i n g  the fo r thcoming  p e r i o d .  

4.2.3 E l e c t r o n s  of  Other Than 1.2 Mev Energx 

We p l a n  as soon a s  p o s s i b l e  t o  examine the 

e f f e c t s  o f  n e g a t i v e  p a r t i c l e  i r r a d i a t i o n  t h a t  would 

be c a p t u r e d  e n t i r e l y  i n  t h e  " p l a s t i c  l e y e r "  o f  the 

r e p l i c a  g r a t i n g .  E l e c t r o n s  o f  e n e r g i e s  l e s s  t h a n  

1 . 2  Mev abound i n  space  and t h e  expe r imen t s  r e p o r t e d  

i n  F i g u r e  I p l u s  t h e  s u g g e s t i o n s  o f  F.W. P a u l  regard-  

i n g  p r e c i s e l y  t h i s  same p o i n t  i n d i c a t e  we must look 

a t  t h i s  m a t t e r  c a r e f u l l y .  

4.3 E f f i c i e n c y  Measurements - 
With t h e  a p p r o v a l  of o u r  supplementary  f u n d i n g  r e q u e s t  

we are i n i t i a t i n g  a new phase o f  e f f o r t  - one i n  which we 

will n o t  o n l y  be able t o  measure l i n e  p r o f i l e  b u t  a l so  

r e l a t i v e  e f f i c i e n c y .  The i n s t r u m e n t  shou ld  be d e l i v e r e d  

a c c o r d i n g  t o  p r e s e n t  p l a n s  w i t h i n  s i x  months. 

6. _c P e r s o n n e l  

5.1 7 S e n i o r  S t a f f  

While e a c h  o f  the  s e n i o r  s t a f f  p a r t i c i p a t e d  in some 

phase of a l l  o f  t h e  t e s t s ,  the  p r i n c i p a l  a r e a  o f  r e spong l -  

b i l i t y  o f  e a c h  i n v e s t i g a t o r  is a s  shown. 
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D r ,  Roy C .  Gunter ,  Jr . ,  Holy C r o s s  C o l l e g e - - p r i n c i p a l  

i n v e s t i g a t o r  

D r .  Edward F. Kennedy, Holy Cross C o l l e g e - - i r r a d i a t i o n  

D r .  F r a n c i s  W. Kase t a ,  Holy Cross C o l l e g e - - e l e c t r i c a l  

measurements 

M r .  Robe r t  F. K e l l e y ,  S t a t e  C o l l e g e  a t  Worcester--  

i n - s i t u  thermal  s t r e s s i n g  

UP. George E. Schmidt ,  Jr . ,  Worces t e r  P o l y t e c h n i c  

I n s t i  t u  t e - - e l e c t  r o n  micrographs  

5.2 S t u d e n t  S ta f f  _IC 

Although many s t u d e n t s  have  been invo lved  i n  one 

phase  o r  a n o t h e r  of  the program, the f o l l o w i n g  were those 

with s p e c i f i c  a s s ignmen t s :  

John E b e r s o l e - - o p t i c a l  t e s t s  

Rober t  Gibbons--vacuum e q u i p m e n t / t e e t s  

William M u e l l e r - - l i n e  p r o f i l e s  

Mark Rober t a - - l i ne  p r o f i l e s  

5.3 S u p p o r t  from Other L a b o r a t o r i e s  

M r .  L e s t e r  F. Lowe, AFCRL - i r r a d i a t i o n  t e s t a  

D r .  Mason C .  Cox, D r .  P a u l  M. Waters, D r .  R icha rd  

F. Woodcock, M r .  Samuel F. Walton,  Y r .  C o l i n  Yatea  

Research Department o f  America Op t i ca l  Co. -- glass 

s t r e s s i n g  and t e s t s  

D r .  E.M. Reeves,  M r .  Nathan Hazen, M r .  Frank Kaszinski ,  

M r .  James MacDonald, Harvard  C o l l e g e  Obse rva to ry  - 
thermal-vacuum t e s t s  
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Mr. Richa rd  Schmit t  and c o l l e a g u e s  o f  the J a r r e l l - A e h  

Co. G r a t i n g  L a b o r a t o r i e s  

D r .  I r w i n  Loewen and c o l l e a g u e s  o f  t h e  Bausch and Lomb 

Co. G r a t i n g  Labora to ry  


